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ABSTRACT 



A method and apparatus for controlling network service 
parameters in a cell based communications network. A 
plurality of input signals are received on input ports of a 
communications device and a plurality of output signals are 
sourced from output ports, wherein at least one input signal 
and at least one output signal comprise, respectively, at least 
one virtual connection. The communications device is part 
of a cell based communications network and each virtual 
connection comprises a series of data cells comprising a 
header portion and a data portion. A first virtual connection 
is assigned to an input queue of an input port and an output 
queue of an output port. Each queue is associated with a first 
buffer space dedicated to the respective queue. Each queue 
is also associated with a second buffer space that is snared 
between the respective queue and other queues. The second 
buffer space is utilized after the first buffer space becomes 
full. Data associated with the first virtual connection is 
queued in the input and output queues. The communications 
device also includes a switching fabric intermediate the 
input ports and the output ports. Bandwidth into the switch- 
ing fabric is allocated by the input port, and bandwidth out 
of the device is allocated by the output port. 

40 Claims, 2 Drawing Sheets 
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METHOD AND SYSTEM FOR 
CONTROLLING NETWORK SERVICE 
PARAMETERS IN A CELL BASED 
COMMUNICATIONS NETWORK 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 
application Ser. No. 60/001,498, filed Jul. 19, 1995. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to communications net- 
works and more particularly to a method and system for 
controlling network service parameters in cell based com- 
munications networks. 

BACKGROUND OF THE INVENTION 

Cell based communications networks such as asynchro- 
nous transfer ("ATM") networks are used to transfer audio, 
video, and data. ATM networks transfer data by routing data 
units such as ATM cells from a source to a destination 
through switches. Switches include input/output ports 
through which ATM cells are received and transmitted. 

Existing ATM switches can be divided into several 
classes. One type of switch uses one large queue as a buffer 
and controls the access of individual virtual connections to 
bandwidth on a statistical basis. As a general matter, each 
virtual connection through this type of switch shares one 
large buffer and each virtual connection statistically shares 
the available bandwidth of the switch and/or on an output 
link connected to the switch. This approach suffers from 
several disadvantages. Depending upon the type of traffic 
traveling through an ATM network, one may want to control 
certain network service parameters associated with that 
traffic type. Examples of parameters that may be desirably 
controlled by an ATM network include a connection's delay 
variation, its end-to-end delay, its maximum data loss, its 
access to guaranteed bandwidth, its access and priority of 
access to shared bandwidth, and its delivery priority. 
Unfortunately, ATM switches employing the above 
approach cannot create quality of service guarantees on a per 
connection basis or even provide quality of service (QOS) 
guarantees on a per traffic type basis. Instead, quality of 
service guarantees can only be statistical in nature. In 
addition, head of line blocking in this approach can block 
connections behind the blocked connection. 

A second approach employs a plurality of queues in each 
switch and allocates switch bandwidth statistically. Further 
refinements of this approach may assign particular connec- 
tions to a particular queue based upon a characteristic of the 
connection such as the traffic type of the connection or the 
group from which the connection originated. In general, this 
approach is characterized by sharing each of a plurality of 
queues by a plurality of connections and sharing the switch 
bandwidth and/or output link bandwidth among all connec- 
tions. This approach also has several disadvantages. Quality 
of service based upon the above parameters can only be 
guaranteed on a per queue basis and the guarantees that can 
be made for low priority trafi&c are not strong guarantees. In 
addition, the quality of service guarantees for multiple 
queues can only be made on a statistical basis rather than on 
a per connection basis. This approach also suffers from head 
of line blocking in each individual queue. Thus, certain 
connections may block other connections behind it. 

A third approach uses a plurality of queues and assigns a 
plurality of connections to each queue and allocates either 
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switch bandwidth and/or link bandwidth on a per queue 
basis. This approach also suffers from several disadvantages. 
Again, the quality of network service can only be guaranteed 
on a per queue basis rather than on a per connection basis. 
5 Also, unused allocated switch bandwidth and/or link band- 
width cannot be used by another queue. Accordingly, this 
bandwidth remains unused, resulting in an inefficient use of 
system resources. 

10 SUMMARY OF THE INVENTION 

The invention comprises a method and system for con- 
trolling network service parameters in a cell based commu- 
nications network. In accordance with a method of the 
invention, a plurality of input signals are received on input 

15 ports of a communications device wherein at least one input 
signal comprises at least one virtual connection. The com- 
munications device is part of a cell based communications 
network wherein each virtual connection comprises a series 
of data cells comprising a header portion and a data portion. 

20 A first virtual connection is assigned to a first queue. The 
first queue is associated with a first buffer space wherein the 
first buffer space is dedicated to the first queue. The first 
queue is also associated with a second buffer space wherein 
the second buffer space is shared between the first queue and 

25 other queues. Data associated with the first virtual connec- 
tion is queued in the first queue. 

The invention allows quality of service guarantees based 
upon network service parameters to be made on a per 
connection basis. Thus, the invention can be used for effi- 

30 ciently transporting disparate types of traffic across a cell 
based communications network. For constant bit rate (CBR) 
services, the invention allows delay variation, end-to-end 
delay and bandwidth to be guaranteed on a per virtual 
connection basis. In addition, the invention allows the 

35 guarantee of "no cell loss" for a constant bit rate traffic other 
than link bit errors. The term "no cell loss" refers to 
preventing cell loss caused by network congestion due to 
buffer overflow. 

4Q For variable bit rate services, a portion of switch and link 
resources may be allocated to a variable bit rate (VBR) 
virtual connection and other switch and link resources may 
be dynamically shared among that particular virtual connec- 
tion and other traffic on the network. For the portion of 

45 services that are allocated, the delay variation, end-to-end 
delay, bandwidth, and maximum data loss can be guaranteed 
for a variable bit rate virtual connection. For bandwidth 
above the allocated portion, maximum data loss can be 
guaranteed on a statistical basis. In addition, priority access 

5Q to dynamic bandwidth and delivery priority can be guaran- 
teed for a particular variable bit rate virtual connection. 

For an available bit rate (ABR) virtual connection, the 
invention can guarantee no cell loss and priority access to 
dynamic bandwidth either in a switch, on a link, or both. 

55 Like variable bit rate services, a portion of switch and/or link 
resources may be allocated to an available bit rate virtual 
connection while other resources may be shared with other 
virtual connections. For the allocated portion of a virtual 
connection, the bandwidth of that connection can be guar- 

60 anteed. 

For unspecified bit rate services, the invention allows a 
guarantee of priority access to dynamic bandwidth and of 
delivery priority. 

Accordingly, the invention allows quality of service guar- 
65 antees to be made for disparate types of traffic that may be 
transported using a communications network employing the 
present invention. The invention avoids the shortcomings of 
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the prior art by applying queuing and bandwidth manage- 
ment mechanisms to individual connections as well as to a 
group of connections. Without the per virtual connection 
queuing mechanism of the invention, resources may not be 
precisely allocated to individual flows so that quality of 
service guarantees are enduring for the life of a connection. 
The invention allows quality of service guarantees to be 
maintained regardless of how many other virtual connec- 
tions are added or deleted during the duration of the con- 
nection. 

A communications network constructed in accordance 
with the invention may also achieve 100% network occu- 
pancy rates on a link-by-link basis while maintaining con- 
stant bit rate bandwidth and delay guarantees and available 
bit rate quality of service guarantees in an integrated ser- 
vices environment. The invention thus allows efficient use of 
network resources by devices connected to the communica- 
tions network, that have varying traffic patterns and quality 
of service needs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven- 
tion and the advantages thereof, reference is now made to 
the following descriptions taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 illustrates a communications network constructed 
in accordance with the teachings of the invention; and 

FIG. 2 illustrates a first embodiment of a communications 
device constructed in accordance with the teachings of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The preferred embodiment of the present invention and its 
advantages are best understood by referring to FIGS. 1 and 
2 of the drawings, like numerals being used for like and 
corresponding parts of the various drawings. 

FIG. 1 illustrates a communications network 10 con- 
structed in accordance with the teachings of the invention. 
Communications network 10 is a cell based network and in 
this embodiment comprises an asynchronous transfer mode 
(ATM) network. Communications network 10 could be 
another type of network without departing from the scope of 
the invention. Communications network 10 comprises a 
series of communications devices 12 (also referred to as 
nodes) connected by a series of communications links 14. In 
this embodiment, each communications device 12 comprises 
an ATM switch. Other types of switches could be used 
without departing from the scope of the invention. Each 
communications link 14 may comprise any type of commu- 
nications link, such as a SONET link. 

A number of communications devices and networks may 
be connected to communications network 10. In this 
embodiment, communications network 10 is connected to 
local area network 16, wide area network 18, telephone 
access network 20, first computer 22, second computer 24, 
Internet server 26 and video server 28. Other types of 
communications devices (or networks) could also be con- 
nected to communications network 10 and some or all of the 
illustrated devices (or networks) could be omitted without 
departing from the scope of the invention. Each of these 
communications devices (or networks) communicates with 
communications network 10 using ATM cells. These devices 
(or networks) may use a communications protocol other than 
ATM for internal communications. For such devices, a 
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mechanism is provided to translate the communications 
protocol to ATM and from ATM to the communications 
protocol for the particular device or network. This mecha- 
nism may be provided either inside of one of the commu- 

5 nications devices 12 or inside the particular device or 
network connected to communications network 10. 

When a first device connected to communications net- 
work 10 desires to communicate with a second device 
connected to communications network 10, it sends data over 

10 communications network 10. The data is sent from the first 
device over one or more communication links 14 and 
through one or more communications devices 12 to the 
second device, thus forming a virtual connection between 
the first device and the second device. A communications 

]5 device 12 switches numerous virtual connections through 
communications device 12 and each communications link 
14 carries numerous virtual connections between two com- 
munications devices 12. 

Communications network 10 is an integrated services 

20 network. Thus, communications network 10 can be used to 
transport varying types of ATM services. Examples of ATM 
services that may be transported through communications 
network 10 include constant bit rate services, variable bit 
rate services, available bit rate services, and unspecified bit 

25 rate services. The invention allows efficient transport of each 
of these traffic types and allows a certain quality of service 
guarantees to be made regarding each traffic type or virtual 
connection. 

In accordance with one aspect of the invention, a unique 

30 queue is assigned to each virtual connection passing through 
a communications device 12. A specific embodiment of per 
virtual connection queuing will be described in connection 
with FIG. 2 below. In the embodiment illustrated in FIG. 2, 
both an input queue and an output queue are associated with 

35 each virtual connection. These queues are uniquely assigned 
to a particular virtual connection. Thus, queues are not 
shared among virtual connections. Some switches may 
employ only an input queue, only an output queue, or queues 
in addition to an input and output queue. The teachings of 

40 the invention can be applied to any queue associated with a 
communications device 12 by assigning queues on a per 
connection basis. As will be discussed more fully below, per 
virtual connection queuing allows queuing and bandwidth 
management mechanisms to be applied to individual con- 

45 nections rather than a group of connections. Queuing man- 
agement mechanisms include control over buffering of vir- 
tual connections. Per virtual connection queuing allows 
precise allocation of network resources to individual virtual 
connections so that quality of service guarantees are endur- 

50 ing for the life of the virtual connection. These guarantees 
may be maintained regardless of how many other connec- 
tions are added or deleted. 

In operation, a plurality of input signals are received on 
input ports of communicatioas device 12 wherein at least 

55 one input signal includes at least one virtual connection. In 
this embodiment, a unique input queue and a unique output 
queue are associated with each virtual connection. Queues in 
this embodiment are logical structures implemented using a 
linked list of pointers. Each queue may be associated with 

60 one or more buffer pools. In this embodiment, each queue 
may be associated with two buffer pools — a shared buffer 
pool and a dedicated buffer pool. Data associated with the 
first virtual connection is queued in the unique input queue 
for transport through a switching fabric connected with the 

65 input port. Data that is passed through the switching fabric 
is queued in the unique output queue associated with the 
virtual connection for transport over an output communica- 
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tions link. As will be described more fully below, another to a plurality of output ports 34. The term "coupled" refers 

aspect of the invention is the method of implementing per to a logical connection between the input ports 30, switching 

virtual connection queuing. fabric 32 and output ports 34. Various additional circuitry 

A second aspect of the invention involves the use of may appear between these elements, but they are still 

communications network 10 in emulating a circuit type 5 logically coupled to one another. A larger or smaller number 

connection. Devices using a constant bit rate mode of 0 f input ports 30 and/or output ports 34 could be used 

communication frequently need to be treated as if there was without departing from the scope of the invention, 

a physical connection between the devices. Accordingly, Each { 3Q fe connected to one or more mput links 

ATM networks sometimes include resources to aid in emu- ^ ^ ^ 36 ^ ivm ^ one or more virtual 

lating circuit connections so as to provide adequate service 10 conQections ^ 38< Each outputport 34 is connected to one or 

between devices communicating using a constant bit rate ^ ^ 40 Each ^ 4Q jn ^ ^ 

service. Communications network 10 of the present inven- Qne Qr ^ CODQections 38 

tion may be used in the emulation of circuit connections „ , . . ... , 

while guaranteeing certain network quality of service in P ut P ort 30 comprises one or more demultiplexers 

parameters. For each constant bit rate virtual connection, the 15 «; one °r fno"; W™™ 44 > ™* a multiplexer 90. Demul- 

present invention allows quality of service to be guaranteed Mixers 42 and multiplexer 50 are not physical devices, 

for delay variation and end-to-end delay on a per virtual Instead > ! he switching of traffic through input port 30 func- 

connection basis. In addition, bandwidth can be guaranteed Uonall y implements demultiplexing and multiplexing func- 

for a constant bit rate virtual connection. Also, constant bit uons. 

rate services may be transported through communications 20 When a virtual connection 38 is received over an input 

network 10 with no cell loss. Hck 36 the cells associated with virtual connection 38 are 

Although a more specific mechanism for implementing demultiplexed through a demultiplexer 42 to one of the 

circuit connection emulation will be described in connection 1 ueues 44. In this embodiment, a unique queue 44 is 

with FIG. 2 below, the above-described per virtual connec- assi S ned 10 each virtual connection 38. In other words, 

tion queuing mechanism may be used to emulate a circuit 25 queue 44 contains the cells of one and only one input link 38. 

connection. For example, first computer 22 of FIG. 1 may Although this embodiment employs per virtual connection 

desire to communicate using a constant bit rate service with queuing, the buffer and bandwidth mechanisms of the inven- 

second computer 24. To achieve circuit connection tion may be used in communications devices 12 that assign 

emulation, queues and bandwidth through each communi- multl P lc Virtual connections to a single queue 44. 

cations device 12 through which the virtual connection 30 In this embodiment, queue 44 comprises a linked list of 

between computer 22 and computer 24 passes are allocated pointers. These pointers point to the location in a buffer 

to the virtual connection for the duration of the communi- where a cell associated with a particular queue pointer is 

cation signal between first computer 22 and second com- stored. A third aspect of the invention is the queuing 

puter 24. The queue that is allocated has access to an mechanism used for queues 44. Each queue 44 may be 

allocated amount of buffer space for the duration of the 35 associated with multiple buffer pools. In accordance with the 

connection. In this embodiment, allocated buffer space is queuing mechanism of this embodiment, queue 44 is asso- 

implemented by assigning a counter limit to the queue. This ciated with a particular virtual connection 38 and may be 

counter limit represents the number of cell locations in a assigned dedicated buffer pool space, shared buffer pool 

buffer pool that may be used by the particular queue at any space, or a combination of dedicated and shared buffer pool 

one time. All queues that have allocated buffer space may 40 space depending upon the traffic type of the connection, 

use any available physical location in the shared pool up to Referring to FIG. 2, one of the input queues 44 has been 

the counter limit. In addition, an amount of output link assigned space in shared buffer 46 and dedicated buffer 48. 

bandwidth is allocated to the communications signal over Space in dedicated buffer 48 is uniquely dedicated to a 

each communications link 14 of communications network particular queue 44. Thus, space in dedicated buffer 48 

10 over which the virtual connection travels between first 45 associated with a queue 44 may be used by that queue 44 and 

computer 22 and second computer 24. By allocating net- only that queue 44. Space in shared buffer 46 is shared 

work resources and dedicating those resources to a particular among several queues 44. Ordinarily, a constant bit rate 

virtual connection, a circuit connection may be emulated virtual connection 38 will only be assigned space in a 

through communications network 10 with quality of service dedicated buffer 48, while a variable bit rate virtual connec- 

guarantees on a per connection basis. 50 tion 38 and available bit rate virtual connection 38, or an 

In this specific embodiment, communications device 12 unspecified bit rate virtual connection 38 may be assigned 

has both an input queue and an output queue assigned to a dedicated space in a dedicated buffer 48 and shared space in 

constant bit rate virtual connection. These queues are created a shared buffer 46. In this embodiment, because a particular 

when a new virtual connection is established. In the current virtual connection 38 is uniquely assigned a queue 44, space 

embodiment, 16,000 connections per input port or output 55 in a dedicated buffer 48 and/or in a shared buffer 46 may be 

port may be processed. In addition, bandwidth through the assigned specifically to a virtual connection. In an embodi- 

switching fabric of communications device 12 and band- ment where queue 44 is shared among several virtual 

width on the output link of communications device 12 are connections 38, space in dedicated buffer 48 and/or shared 

allocated to the constant bit rate virtual connection. Where buffer 46 may be assigned to the queue 44 as a whole, 

communications device 12 is configured differently, circuit eo Dedicated buffer 48 comprises a plurality of buffer loca- 

connections may be emulated by allocating any queuing and tions 60 wherein each buffer location 60 holds one ATM cell, 

bandwidth resources on a per virtual connection basis in The size of dedicated buffer 48 may be dynamically adjusted 

accordance with the invention. depending upon the number of virtual connections accessing 

FIG. 2 illustrates a first embodiment of a communications dedicated buffer 48. When a queue 44 is assigned space in 

device 12 constructed in accordance with the teachings of 65 dedicated buffer 48, the queue 44 is assigned a fixed number 

the invention. FIG. 2 comprises a plurality of input ports 30 of buffer locations 60 that the queue 44 may have access to 

coupled to a switching fabric 32 which is, in turn, coupled at any one time. The specific physical position of those 
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buffer locations 60 are not assigned to any specific queue 44. 
Rather, dedicated buffer 48 acts as a pool of buffer space. 
Any queue 44 that is assigned space in dedicated buffer 48 
may use any otherwise unused physical location within it, as 
long as that queue 44 does not use more than the fixed 5 
number of buffer locations 60 that it is assigned. The queue 
44 is guaranteed to have access to the fixed number of buffer 
locations 60 assigned to it at all times. 

Similarly, shared buffer 46 acts as a pool of buffer space 
that can be shared in a similar manner to dedicated buffer 48. 10 
Each queue 44 is associated with a limit specifying the 
maximum number of locations in shared buffer 46 that the 
queue 44 may use at any one time. Here, however, each 
queue 44 is not guaranteed to have access to any fixed 
number of buffer locations 60. Instead, all queues 44 15 
assigned space in shared buffer 46 share all buffer locations 
60. When all of the buffer locations 60 in shared buffer 46 
are in use, a queue 44 may not have access to another buffer 
location 60 even if it is not using the maximum number of 
buffer locations 60 that could be assigned to it. The size of 20 
shared buffer 46 may also be adjusted dynamically. A 
connection could be assigned to multiple shared buffers 46 
or connections could be assigned to different shared buffers 
46 based upon their traffic types. 

Each of the queues 44 are connected to multiplexer 50. 25 
Multiplexer 50 controls the flow of cells between each input 
port 30 and switching fabric 32. As discussed above, mul- 
tiplexer 50 is not a physical element, but is functionally 
implemented by the operation of input port 30. ^ 

In this embodiment, multiplexer 50 is used to assign 
bandwidth through switching fabric 32 to each of the queues 
44 connected to multiplexer 50. This embodiment of the 
invention employs a unique bandwidth assignment method. 
A portion of the bandwidth through switching fabric 32 may 35 
be uniquely allocated to a particular queue 44 such that a 
fixed amount of bandwidth through switching fabric 32 is 
guaranteed to that queue 44. In addition, an amount of 
bandwidth through switching fabric 32 may be dynamically 
shared between two or more queues 44. Thus, an amount of 4Q 
uniquely allocated bandwidth through switching fabric 32 
may be assigned to a particular queue 44. In addition, that 
particular queue 44 may or may not share in the available 
shared dynamic bandwidth through the switching fabric 32. 
In this embodiment, because queue 44 is associated with 45 
only one virtual connection, a bandwidth assignment is 
equivalent to assigning an amount of uniquely allocated 
bandwidth to a particular virtual connection. The same 
virtual connection may or may not share dynamic band- 
width. This aspect of the invention could also be used in a 5Q 
communications device 12 that assigned multiple virtual 
connections to a single queue 44. In such an embodiment, 
uniquely allocated bandwidth and/or shared dynamic band- 
width could be used by a queue 44. 

Space in shared buffer 46 and/or dynamically shared 5S 
bandwidth through switching fabric 32 may be shared by all 
queues 44 or may be divided into a series of pools shared by 
specific groups of the queues 44. For example, dynamic 
buffer space and/or bandwidth could be divided into pools 
associated with particular traffic types. Variable bit rate 60 
virtual connections, available bit rate virtual connections, 
and/or unspecified bit rate virtual connections could share 
buffer space and/or dynamic bandwidth in a pooled manner. 
A mechanism for achieving this type of sharing will be 
described more fully below. 55 

If switching fabric 32 comprises a switching matrix, 
bandwidth and/or buffers in switching fabric 32 could be 
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shared using the mechanisms described above wherein 
bandwidth and buffers may be either allocated or shared. 

Each output port 34 comprises a demultiplexer 52, one or 
more queues 54, and one or more multiplexers 61, Each 
output port 34 is connected to one or more output links 40 
and each output link 40 comprises one or more virtual 
connections 38. As was the case with input port 30, demul- 
tiplexer 52 and multiplexer 61 are not physical elements of 
output port 34, but are functionally implemented therein. 

Demultiplexer 52 sends cells received from switching 
fabric 32 to the appropriate output queue 54. In this 
embodiment, each output queue 54 is associated with a 
unique virtual connection. In other words, each output queue 
54 is used to queue the cells associated with one and only 
one virtual connection 38. 

The queues 54 are similar to the queues 44. Each queue 
54 may be associated with multiple buffer pools. As was the 
case with the queues 44 of input port 30, queues 54 of output 
port 34 comprise a linked list of pointers. Each pointer 
points to a cell location 60 in either a shared buffer 56 or 
dedicated buffer 58. Each queue 54 may be assigned an 
amount of uniquely dedicated space in a dedicated buffer 58 
and/or an amount of shared space in a shared buffer 56. 
Accordingly, output queues 54 employ a buffering mecha- 
nism similar to that of input queues 44. 

Each multiplexer 61 is connected to each of the output 
queues 54. As was the case with the multiplexer 50 and input 
port 30, the multiplexer 61 of output 34 are not physical 
elements of output 34, but output port 34 implements a 
multiplexing function. Each multiplexer 61 controls the 
access of the output queues 54 to bandwidth on its associated 
output link 40. Bandwidth on each output link 40 may be 
allocated as described above in connection with input port 
30 for the input queues 44. Thus, each output queue 54 may 
be assigned an amount of uniquely allocated bandwidth 
which that particular output queue 54 is guaranteed to have 
access to if needed. That output queue 54 may also be 
assigned an amount of dynamically shared bandwidth that is 
shared among multiple output queues 54. Each output queue 
54 may be assigned an amount of dynamic bandwidth, an 
amount of shared bandwidth, or a combination of both on a 
particular output link 40. In this embodiment, because each 
output queue 54 is only associated with a single virtual 
connection 38, this means that bandwidth may be allocated 
uniquely and/or dynamically shared on a per virtual con- 
nection basis. In an embodiment where an output queue 54 
is shared among multiple virtual connections 38, bandwidth 
may be uniquely allocated or dynamically shared on a per 
queue basis using this mechanism. 

As described above in connection with input port 30, 
space in a shared buffer 56 and/or dynamically shared 
bandwidth on an output link 40 may be shared among all 
virtual connections 30 or divided up and shared in pools 
corresponding to particular group of virtual connections 
such as traffic types. Again, this mechanism will be 
described more fully below. 

Sometimes, a particular virtual connection 38 will be 
allocated more bandwidth through the switching fabric 32 
than is needed by that virtual connection. In other words, the 
amount of allocated bandwidth through the switching fabric 
32 may be uniquely allocated to a virtual connection having 
a bandwidth smaller than the amount of allocated band- 
width. Allocating additional bandwidth reduces delay 
through communications device 12. In the present invention, 
bandwidth that is allocated to a particular virtual connection 
38 through the switching fabric 32 that is unused by that 
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particular virtual connection 38 becomes part of the switch's 
dynamic bandwidth. This dynamic bandwidth is shared 
between virtual connections using dynamic bandwidth ser- 
vices. This feature of the invention allows more efficient use 
of the resources of communications network 10. 

Access to shared buffer space may also be prioritized. 
Each virtual connection may have a priority assigned to it. 
Each buffer pool has priority thresholds. As the available 
buffers in the buffer pool decrease below the thresholds, 
virtual connections with corresponding priorities are denied 
further access to the buffer pool. 

As described above, connections can have access to 
shared buffers and bandwidth. Levels of control can be 
added to manage both the order and the amount of the shared 
resources that connections can use. The highest level of 
control is to ensure that traffic types receive a guaranteed 
minimum assignment of the shared resource. This is accom- 
plished at the output link by measuring bandwidth usage per 
traffic type, and granting each traffic type bandwidth until it 
has received the desired minimum amount. For buffers, this 
is accomplished by having a buffer pool per traffic type. The 
order in which the traffic types receive bandwidth could be 
a programmable policy. In this embodiment, the order is 
fixed. Quality of service levels can be determined for 
connections sharing the minimum bandwidth and buffer 
guarantee for a traffic type, assuming that the connections' 
input characteristics can be accurately described. In this 
embodiment, the connections of the same traffic type are 
multiplexed together using a linked list data structure at both 
bandwidth contention points — i.e. the switch port and link. 
This multiplexing point is given the minimum bandwidth 
guarantee. An identifier in the connection's queue descriptor 
(s) is used to associate the connections with a multiplexing 
point. 

Access to the traffic type's shared resources is also 
ordered. That is, connections within a traffic type gel access 
to bandwidth and buffers using a priority mechanism. Again, 
this prioritization occurs at the resource contention points, 
so that there are traffic type priorities at both the input port 
processor and the output port processor. Input buffer pools 
have one or more thresholds, above which certain connec- 
tions within a traffic type are denied buffers. There are one 
or more multiplexers, i.e. lists, per traffic type, where the 
multiplexers are assigned, in priority order, bandwidth 
granted to the traffic type at the output port. This means that 
low priority connections get bandwidth only after the high 
priority connections do not have any data to transmit. An 
identifier in the connection's queue descriptors) is used to 
associate the connections with a priority. 

Note that more levels of access control to shared 
resources can be added in the switch. For example, the 
lowest level of control occurs on a multipo int-to-point 
connection. Bandwidth is distributed to the multiple sources 
of a single multipoint- to -point connection by the use of two 
additional multiplexers: (1) a list of queues at the input port 
that distributes the bandwidth between multiple sources 
merging at the input port, and (2) an arbitration mechanism 
in the switch fabric that distributes bandwidth between 
sources on multiple input ports. 

Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions, and alterations can be made hereto without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 

What is claimed is: 

1. A method for controlling network service parameters in 
a cell based communications network, comprising: 

receiving a plurality of input signals on input ports of a 
communications device, at least one input signal com- 
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prising at least one virtual connection, wherein the 
communications device is part of the cell based com- 
munications network and wherein each virtual connec- 
tion comprises a series of data cells comprising a 
header portion and a data portion; 

assigning a first virtual connection to a first queue; 

associating the first queue with a first buffer space, 
wherein the first buffer space is dedicated to the first 
queue; 

associating the first queue with a second buffer space, 
wherein the second buffer space is shared between the 
first queue and other queues; 

queueing data associated with the first virtual connection 
in the first queue. 

2. The method of claim 1, wherein the data cells comprise 
asynchronous transfer mode cells. 

3. The method of claim 1 wherein the first queue com- 
prises an input queue. 

4. The method of claim 3, further comprising: 
assigning the first virtual connection to a second queue; 
associating the second queue with a third buffer space, 

wherein the third buffer space is dedicated to the second 
queue; 

associating the second queue with a fourth buffer space, 
wherein the fourth buffer space is shared between the 
second queue and other queues; 

queueing data associated with the first virtual connection 
in the second queue wherein the second queue com- 
prises an output queue. 

5. The method of claim 4, further comprising: 
controlling the flow of the first virtual connection from an 

input port of the communications device to a switching 
fabric associated with the communications device by 
utilizing the first queue associated with the first virtual 
connection. 

6. The method of claim 5, further comprising: 
controlling the flow of the first virtual connection from a 

switching fabric associated with the communications 
device to an output port of the communications device 
by utilizing the second queue associated with the first 
virtual connection; and 
wherein the first queue is uniquely associated with the 
first virtual connection and wherein the second queue is 
uniquely associated with the first virtual connection. 

7. The method of claim 6, wherein the data cells comprise 
asynchronous transfer mode cells. 

8. The method of claim 6, further comprising: 
assigning a first quantity of bandwidth through the switch- 
ing fabric to the first queue, wherein the first quantity 
of bandwidth is allocated to the first queue; 

assigning a second quantity of bandwidth through the 
switching fabric to the first queue, wherein the second 
quantity of bandwidth is dynamically shared between 
the first queue and other queues; and 

passing cells associated with the first virtual connection 
through the switching fabric using the first quantity of 
bandwidth and at least a part of the second quantity of 
bandwidth. 

9. The method of claim 6, further comprising: 
assigning a third quantity of bandwidth on an output link 

of the communications device to the second queue, 
wherein the third quantity of bandwidth is allocated to 
the second queue; 

assigning a fourth quantity of bandwidth on the output 
link to the second queue, wherein the fourth quantity of 
bandwidth is dynamically shared between the second 
queue and other queues; and 

passing cells associated with the first virtual connection to 
the output link using the third quantity of bandwidth 
and at least a part of the fourth quantity of bandwidth. 
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10. The method of claim 9, further comprising: 
assigning a first quantity of bandwidth through the switch- 
ing fabric to the first queue, wherein the first quantity 
of bandwidth is allocated to the first queue; 

assigning a second quantity of bandwidth through the 5 
switching fabric to the first queue, wherein the second 
quantity of bandwidth is dynamically shared between 
the first queue and other queues; 

passing cells associated with the first virtual connection 
through the switching fabric using the first quantity of 
bandwidth and at least a part of the second quantity of 
bandwidth; and 

wherein the data cells comprise asynchronous transfer 
mode cells. 

11. The method of claim 10, further comprising: 
creating a first list of queues to prioritize access to 

dynamically shared bandwidth through the switching 
fabric; and 

creating a second list of queues to prioritize access to 
dynamically shared bandwidth on the output link. 

12. The method of claim 10, further comprising: 20 
creating a plurality of prioritized lists of queues to pri- 
oritize access to dynamically shared bandwidth on the 
output link wherein each prioritized list corresponds to 
the type of traffic associated with the queues in the list; 

creating a list of the plurality of prioritized lists of queues 25 
to further prioritize access to dynamically shared band- 
width on the output link. 

13. The method of claim 4, further comprising: 
controlling the flow of the first virtual connection from a 

switching fabric associated with the communications 30 
device to an output port of the communications device 
by utilizing the second queue associated with the first 
virtual connection. 

14. The method of claim 5, further comprising: 
controlling the flow of the first virtual connection from a 35 

switching fabric associated with the communications 
device to an output port of the communications device 
by utilizing the second queue associated with the first 
virtual connection; and 
wherein the first queue is associated with a plurality of 40 
virtual connections and wherein the second queue is 
associated with a plurality of virtual connections. 

15. The method of claim 14, wherein the data cells 
comprise asynchronous transfer mode cells. 

16. The method of claim 14, further comprising: 45 
assigning a first quantity of bandwidth through the switch- 
ing fabric to the first queue, wherein the first quantity 

of bandwidth is allocated to the first queue; 

assigning a second quantity of bandwidth through the 
switching fabric to the first queue, wherein the second ^ 
quantity of bandwidth is dynamically shared between 
the first queue and other queues; and 

passing cells associated with the first virtual connection 
through the switching fabric using the first quantity of 
bandwidth and at least a part of the second quantity of 
bandwidth. 55 

17. The method of claim 14, further comprising: 
assigning a third quantity of bandwidth on an output link 

of the communications device to the second queue, 
wherein the third quantity of bandwidth is allocated to t 
the second queue; 60 

assigning a fourth quantity of bandwidth on the output 
link to the second queue, wherein the fourth quantity of 
bandwidth is dynamically shared between the second 
queue and other queues; and 

passing cells associated with the first virtual connection to 65 
the output link using the third quantity of bandwidth 
and at least a part of the fourth quantity of bandwidth. 
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18. The method of claim 17, further comprising: 
assigning a first quantity of bandwidth through the switch- 
ing fabric to the first queue, wherein the first quantity 
of bandwidth is allocated to the first queue; 

assigning a second quantity of bandwidth through the 
switching fabric to the first queue, wherein the second 
quantity of bandwidth is dynamically shared between 
the first queue and other queues; 

passing cells associated with the first virtual connection 
through the switching fabric using the first quantity of 
bandwidth and at least a part of the second quantity of 
bandwidth; and 

wherein the data cells comprise asynchronous transfer 
mode cells. 

19. The method of claim 18, further comprising: 
creating a first list of queues to prioritize access to 

dynamically shared bandwidth through the switching 
fabric; and 

creating a second list of queues to prioritize access to 
dynamically shared bandwidth on the output link. 

20. The method of claim 18, further comprising: 
creating a plurality of prioritized lists of queues to pri- 
oritize access to dynamically shared bandwidth on the 
output link wherein each prioritized list corresponds to 
the type of traffic associated with the queues in the list; 

creating a list of the plurality of prioritized lists of queues 
to further prioritize access to dynamically shared band- 
width on the output link. 

21. The method of claim 1 wherein the first queue 
comprises an output queue. 

22. A method for controlling network service parameters 
in a cell based communications network, comprising: 

receiving a plurality of input signals on input ports of a 
communications device, at least one input signal com- 
prising at least one virtual connection, wherein a first 
virtual connection is associated with a first input port, 
wherein the communications device is part of the cell 
based communications network and wherein each vir- 
tual connection comprises a series of data cells com- 
prising a header portion and a data portion; 

assigning a first quantity of bandwidth through a switch- 
ing fabric of the communications device to the first 
virtual connection, wherein the first quantity of band- 
width is allocated to the first virtual connection; 

assigning a second quantity of bandwidth through the 
switching fabric to the first virtual connection, wherein 
the second quantity of bandwidth is dynamically shared 
between the first virtual connection and other virtual 
connections; and 

passing cells associated with the first virtual connection 
through the switching fabric using the first quantity of 
bandwidth and at least a part of the second quantity of 
bandwidth. 

23. The method of claim 22, wherein the data cells 
comprise asynchronous transfer mode cells. 

24. The method of claim 23, further comprising: 
assigning a third quantity of bandwidth on an output link 

of the communications device to the first virtual 
connection, wherein the third quantity of bandwidth is 
allocated to the first virtual connection; 
assigning a fourth quantity of bandwidth on the output 
link to the first virtual connection, wherein the fourth 
quantity of bandwidth is dynamically shared between 
the first virtual connection and other virtual connec- 
tions; and 

passing cells associated with the first virtual connection to 
the output link using the third quantity of bandwidth 
and at least a part of the fourth quantity of bandwidth. 
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25. The method of claim 22, further comprising: 
assigning a third quantity of bandwidth on an output link 

of the communications device to the first virtual 
connection, wherein the third quantity of bandwidth is 
allocated to the first virtual connection; s 

assigning a fourth quantity of bandwidth on the output 
link to the first virtual connection, wherein the fourth 
quantity of bandwidth is dynamically shared between 
the first virtual connection and other virtual connec- 
tions; and io 

passing cells associated with the first virtual connection to 
the output link using the third quantity of bandwidth 
and at least a part of the fourth quantity of bandwidth. 

26. An input port for a communications device, compris- 
ing: 15 

a demultiplexer operable to receive asynchronous transfer 
mode cells associated with a plurality of virtual con- 
nections from a plurality of input links; 

a buffer pool operable to store asynchronous transfer 
mode cells associated with the plurality of virtual 20 
connections received by the demultiplexer, the buffer 
pool including shared buffer space and dedicated buffer 
space; 

a plurality of queues operable to store locations within the 
buffer pool of asynchronous transfer mode cells asso- 25 
ciated with the plurality of virtual connections, each of 
the plurality of queues being uniquely associated with 
a separate one of the plurality of virtual connections, a 
particular one of the plurality of queues being assigned 
by the demultiplexer to dedicated buffer space only 30 
available to that particular one of the plurality of 
queues, the particular one of the plurality of queues 
being assigned by the demultiplexer to the shared 
buffer space available to the particular one of the 
plurality of queues and other ones of the plurality of 35 
queues; and 

a multiplexer operable to control transfer of asynchronous 
transfer mode cells associated with the plurality of 
virtual connections from the buffer pool. 

27. The input port of claim 26, wherein the multiplexer is 
operable to allocate bandwidth to eacb of the plurality of 40 
queues in order to control transfer of asynchronous transfer 
mode cells associated with the plurality of virtual connec- 
tions from the buffer pool. 

28. The input port of claim 27, wherein a dedicated 
portion of the bandwidth is uniquely allocated by the mul- 
tiplexer to the particular one of the plurality of queues. 

29. The input port of claim 28, wherein a shared portion 
of the bandwidth is allocated by the multiplexer to be shared 
by the particular one of the plurality of queues and other 
ones of the plurality of queues. 50 

30. The input port of claim 29, wherein the multiplexer 
assigns an available shared portion of the bandwidth allo- 
cated to be shared by two or more of the plurality of queues 
to the particular one of the plurality of queues upon exceed- 
ing its dedicated portion of the bandwidth. 55 

31. The input port of claim 30, wherein the multiplexer 
prioritizes the plurality of queues to determine access capa- 
bility to the shared portion of the allocated bandwidth. 

32. The input port of claim 26, wherein the buffer pool is 
assigned to a specific traffic type. 

33. The input port of claim 32, wherein the demultiplexer 60 
assigns available buffer locations of the shared buffer space 

to the particular one of the plurality of queues upon exceed- 
ing its number of buffer locations in its dedicated buffer 
space. 



34. The input port of claim 26, wherein the dedicated 
buffer space and the shared buffer space have a plurality of 
buffer locations, each buffer location operable to store a 
single asynchronous transfer mode cell. 

35. The input port of claim 34, wherein the demultiplexer 
prioritizes the plurality of queues to determine access capa- 
bility to the shared buffer space. 

36. A communication device, comprising: 

an input port operable to receive asynchronous transfer 
mode cells associated with a plurality of virtual 
connections, the input port including a plurality of 
input queues, a particular one of the plurality of input 
queues being uniquely associated with a particular one 
of the plurality of virtual connections, the input port 
including a buffer pool having a dedicated input buffer 
space and a shared input buffer space to store asyn- 
chronous transfer mode cells, the dedicated input buffer 
space being uniquely associated with the particular one 
of the plurality of input queues, the shared input buffer 
space being associated with the particular one of the 
plurality of input queues and other ones of the plurality 
of input queues; 

a switching fabric operable to transfer asynchronous 
transfer mode cells from the input port; 

an output port operable to receive asynchronous transfer 
mode cells from the switching fabric, the output port 
including a plurality of output queues, a particular one 
of the plurality of output queues being uniquely asso- 
ciated with the particular one of the plurality of virtual 
connections, the output port operable to transfer 
received asynchronous transfer mode cells onto an 
output link, the output port including a buffer pool 
having a dedicated output buffer space and a shared 
output buffer space to store asynchronous transfer 
mode cells, the dedicated output buffer space being 
uniquely associated with the particular one of the 
plurality of output queues, the shared output buffer 
space being associated with the particular one of the 
plurality of output queues and other ones of the plu- 
rality of output queues. 

37. The communication device of claim 36, wherein the 
input and output ports assign available shared input and 
output buffer space to the particular one of the plurality of 
input and output queues upon exceeding their dedicated 
buffer space, respectively. 

38. The communication device of claim 37, wherein the 
input and output ports prioritize the plurality of input and 
output queues, to determine access capability to the shared 
input and output buffers, respectively. 

39. The communication device of claim 36, wherein the 
input port uniquely allocates a dedicated portion of switch- 
ing fabric bandwidth to the particular one of the plurality of 
input queues and allocates a shared portion of switching 
fabric bandwidth available for use by the particular one of 
the plurality of input queues and other ones of the plurality 
of input queues. 

40. The communication device of claim 39, wherein the 
output port uniquely allocates a dedicated portion of output 
link bandwidth to the particular one of the plurality of output 
queues and allocates a shared portion of output link band- 
width available for use by the particular one of the plurality 
of output queues and one or more others of the plurality of 
output queues. 
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